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ABSTRACT 

by Yu, I. Neshpor 

On the  b a s i s  of a s tudy  of the .frequency dependence of t h e  

r e a k i n g  of cosmic rad io  emission dur ing  sudden ionospher ic  d i s turb-  

ances ,  the  fol lowing conclusions have been a r r i v e d  at : 

1. The s p e c t r a l  d i s t r i b u t i o n  of t h e  i n t e n s i t y  of X-ray 
emission of s o l a r  f lares is d i f f e r e n t  f o r  var ious  f l a r e s .  

2. Some of them are charac te r ized  by an apr rec i ab le  i n c r e a s e  

i n  the  i n t e n s i t y  of X-ray emission i n  t he  short-wave region (0.14-1 A) 
e 

* la U T H U f t  * +  

Roc@t measurements c1, 21 and i n d i r e c t  methods of i nves t ige -  

t i o n  of  t h e  D-reeion of the  ionosphere c 3 , 4 3 ,  po in t  t o  the  f a c t  t h a t  

an appreciable  i n c r e a s e  of shortwave r a d i a t i o n  is observed i n  t h e  

emkssion o f  some s o l a r  f l a r e s ,  causing s u b s t e n t i a l  va r i a t ion& i n  t h e  
t e r r e s t r i a l  iOnO6phere. The Etudy of  t h e  s p e c t r a l  composition of  t h i s  

r a d i a t i o n  and of i ts  temporal v a r i a t i o n  o f f e r s  a s u b s t a n t i a l  i n t e r e e t  

from both,  t h e  a s t rophys ica l  and geophysical p o i n t s  of view, 

For the  i n v e s t i g a t i o n  of flares' hard r a d i a t i o n  t h e  method 

o f  asborp t ion  measurement i n  two f requencies  can be appl ied ,  

. _ -  * EIss ledovaniye  rentgenovskogo i z luchen iya  solnechnykh vspyshek 
\ 

_ _ _ ~ - .  --- -- - r a d i o a s  tronomicheskim me totiom& 
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2. 

Study of  frequency dependence of s i g n a l  weakening du r ing  SID [5,7] 
allows t he  judging of absorpt ion l a y e r  pos i t i on .  And Eince the pene- 
t r a t i o n  depth of flares '  X-ray emission and the  he igh t  of t h e  s u r p l u s  
absorp t ion  are d i r e c t l y  i n t e r r e l a t e d ,  we may o b t a i n ,  by studginp: t h e  

frequency dependence of r a d i o  aye abso rp t ion ,  a c e r t a i n  number of data  on 
t h e  s p e c t r a l  d i s t r i b u t i o n  o f  t h a t  r ad ia t ion .  

DEPENDENCE OF ABSON'TION ON FRY0,UENCY 
0 

Current ly  a radioaEtrononlical method is broadly appl ied  for 

t h e  s tudy  of frequency dependence o f  s iFna l  weakening c5 - 81. It 

c o n s i s t s  i n  r e g i s t e r i n g  of the  i n t e n s i t y  of cosmic r ad io  emission i n  

s e v e r a l  f requencies .  
The f i e l d  s t r e n g t h  of  t h e  received r a d i o  emission E and t h e  

medium's absorFt ion f a c t o r ,  a re  l i nked  by t h e  fol lowing c o r r e l a t i o n  

( s e e  r e f .  C91) : 

where Eo is t h e  f i e l d  s t r e n g t h  i n  t h e  ebsence o f  Gbsorntion; 

N (2, t )  is  ,the e l e c t r o n  dens i ty ;  V ( z )  is the  c o l l i s i o n  frequency; 

m c7nd e are r e s c e c t i v e l y  the  charge and t h e  ma68 of the  e l e c t r o n ;  

c - t h e  speed of l i g h t ,  CJ is the  opera t ion  frequency; WL - t h e  

gyrofrequency 
I t  was shown i n  L51  t h a t  when the  X-ray e ~ z s e i o n  of  flares 

W t W L  , t h e r e  may e x i s t ,  depending p e n e t r a t e s  t o  h e i g h t s  where d a  

upon t h e  form of t h e  curve N ( z ,  t ) ,  a dependence of s u r p l u s  absorp- 

t i o n  on frequency i n  the  form: 

Jp,l - [ 324" * 
A h ,  

O < n < 2  
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where Ap, it- t h e  surplus absorDtion i n  the  frequency %, Ap& i E  t h e  

s a r v i u s  abcor2t ion i n  the  frequency d2. 
Zesides ,  as was noted i n  L57, i f  t he  inc rease  i n  i o n i z a t i o n  

t akes  p l ace  mostly i n  a l a y e r  t h a t  is t h i n  by cor-perison with t h e  

q u i e t  D-reqion, we can wr i t e  for t h e  l a y e r  ahere  

t h e  r e l a t i o n  

3, and Vz being t h e  values  of c o l l i s i o n  frequency a t  boundaries of t he  

d i e  t u r b i n q  l a y e r .  

I n  o rde r  t o  s tudy  the  frequency' dependence of s i g n a l  weakening 

(de te rmina t ion  of the  p o s i t i o n  of the  su rp lus  abso rp t ion ) ,  we used the  

d a t a  on abso r s t ion  of  cosmic r ad io  emission i n  two f r equenc ie s :  26.7 
and 32.5 mc/s L e y .  During t h e  per iod  f r o m  AFril  1960 t o  Auaust 1961 
more than 20 cases  tf sndden i n c r e n ~ e  in cosmic r a d i o  emission were 

r e g i s t e r e d .  

I n  Table 1 next  page, we p resen t  17 cases  f o r  which the  r a t i o s  
of surplus absorpt ion6 a r e  determined i n  the  m a x i m u m  of ionosphere e f f e c t  

i n  two f requencies .  For opera t ion  f reouencies  of  26.7 and 32.5 mc/s 
a n d  provided  t h e  e l e c t r o n  dens i ty  increme t akes  p lece  i n  the  reqion 

where .o>vY, t h e  r a t i o  of  surp lus  absorp t ions  is 

As may be seen  from the Table ,  the  weakening in i n t e c s i t g  of 

cosmic r a d i o  emission dur ing  c e r t a i n  ( d a t e s  underl ined)  SID, is inverse-  

l y  propor t iona l  t o  opera t ion  frequency, i . e .  c o r r e l a t i o n  (3) is being 
adhered t o .  U t i l i z i n g  t h e  exoresc-ion ( 2 )  a n c  also t he  d a t a  on a l t i t u d e  

d i s t r i b u t i o n  of c o l l i s i o n  frequency 3 ( 2 )  [lo], we may conclude t h a t  

t h e  inc rease  i n  e l e c t r o n  dens i ty  f o r  t h e  e f f e c t s  noted took p lace  mainly 
i n  the  40- 60 km region.  
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DSPENDENCE OF IONIZATICN EXCESS ON ALTITUDE 

As a resld.t of absorpt ion by t h e  medium of  a s i n g l e  X-ray 

quantum l111, t h e r e  are formed: 

4 

h.r- 5" = i ( X) pairs of  i o n s .  
i 

where h+ is the enerFgy of a quantum; 500 is t h e  b inding  e n e r g y ;  

&i is the quantity of e n e r q  necessary t o  form one pair of ions. 
The t o t a l  number of i o n  formation events  a t  t h e  a l t i t u d e  8 

w i l l  then be 

where is t he  wavelength; & ( A )  is t h e  e f f e c t i v e  photoionization 
CFOZG s e c t i o n ;  t ( A , z )  i s  t h e  optical thickness; Sm(A)  is t he  flux 
beyond t h e  atxosphere.  
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It may be seen from t h e  expreseion (4) t h a t  i f  t h e  dependence 

of t h e  flux So0 ( A )  on t h e  wavelength is known, ue may p l o t  the  r e l a t i v e  
v o r i e t i o n  of i o n  fo rna t ion  func t ion  w i t h  t h e  h e i g h t  L121, i. e.  

where I (%Iz - is  t h e  m a x i m u m  v a u e  of t h e  func t ion  of i o n  formation. - zm 
I n  o r d e r  t o  determine t h e  dependence of t h e  surplus ( excess )  

i o n i z a t i o n  on a l t i t u d e ,  w e  shall u t i l i z e  t h e  s t anda rd  balance equat ion  
[113. Ascuring t h a t  the  e f f e c t i v e  recombination c o e f f i c i e n t  does n o t  
depend on a l t i t u d e  i n  the  40- 80 k m  range, we shall ob tz in  

where N ( t ,  z j t  I is the value o f  e l e c t r o n  d e n f i t y  a t  t h e  a l t i t u d e  8 ;  

x ( t ,  21% = t, 
t u d e  e,; H ( O , a )  is the value of e l e c t r o n  d e n s i t y  dur ing  the  q u i e t  
s t a t e  o f  t h e  ionosphere;  fm is t h e  t i m e  of ionosphere e f f e c t  m a x i m u m .  
It may be seen  from ( 6 )  that if t h e  model of undisturbed io-n-sspliere &nd 

t h e  r e l a t i v e  v a r i a t i o n  of  e l e c t r o c  dens i ty  at  t h e  a l t i t u d e  e, are known, 
we zar plot, for a s p e c i f i c  form of S,(x) c O r  Co(z)l of t h e  X-emission, 
t h e  d i s t r i b u t i o n  of excess  i o n i z a t i o n  i n  t i m e  of SID, and consequently,  

w e  may a l s o  compute t h e  value of t o t a l  absorpt ion.  

t, 
is t he  r e l a t i v e  inc rease  i n  e l e c t r o n  d e n s i t y  a t  the a l t i -  

SPECTRAL D I S T R I B V T I O N  OF THE INTENSITTt - 
OF X-RAY E N I S S I O N  

1. Methodical P a r t .  

The deterninat ioyi  of t h e  funct ion S,(X) m a 6  e f f e c t e d  by t h e  

conparison method of results coEputed with t:iose of observa t ions ,  making 

u6e of t h e  c o r r e l a t i o n s  (l), ( k ) -  (6) .  The d i s t r i b u t i o n  of A (0, e)  

w a s  given  i n  the form of the  exponent ia l  N (0,  z )  L: 100 e 

h 2 1 .  The s e l e c t i o n  of t h e  d i s t r i b u t i o n  funct ion of  t h e  i n i t i a l  value of 

e l e c t r o n  d e n s i t y  hae no p r i n c i p a l  Eigni f icance ,  for i n  t he  40- 60 km 

0.23 ( e  -70) 
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a l t i t u d e  reg ion  the value N ( 0 , z )  may be neglected by coxparison w i t h  

t h a t  of N ( t ,  e>, The l a t t e r  w a s  eo s e l e c t e d  for t h e  given ~ ( z ) ,  

i. e. 

of 26.7mc/s 

- t m  
for Sm(A), t h a t  t he  value of the  excees absorp t ion  i n  the  frequency 

be correEFonding t o  t h e  experil l tentally measured value df4  rLC-, a t  time 
of t h e  S I D .  Then we compated t h e  absorp t ion  i n  the  freciiency of 32.5 mc/s, 

f i n d i n g  the  r a t i o  of excess  a r s o r  t i o n s  

APf==tr., 

AQf=sa.f 

From t h e  comparison of t he  remlts  obteined wi th  those o f  observa t ions  

we der ived  the  conclueion on t h e  s p e c t r a l  i n t e n s i t y  d i s t r i b u t i o n  of X-ray 
emit-eion of the  f l a r e ,  

With t h e  view of corrobora t ing  the  p o s s i b i l i t y  of anplying the  

proposed method of S oo (1) determinat ion,  it i n t e r e s t i n g  t o  coneider  t h e  

ionosghere d is turbance  of 1? August I 6C. An i nc rease  by 2.5 tines i n  

t h e  flux of shortwave r a d i a t i o n  was r e r i s t e r e d  i n  the  8 - 21 wave- 

l e n g t h  reg ion  aboard t h e  2nd s p s c e s h i p - s a t e l l i t e  between 154F and 

1554 hours  bioscow time. As a r e s u l t  of  t h e  e f f e c t  of t h i s  shortwave 
r a d i s t i o n  an ‘increase i n  e l e c t r o n  d e n s i t y  E111 (absorp t ion  i n c r e a s e )  

must take  place i n  the  req ion  above 75 km. The time i n t e r v a l  (15 45- 15 54) 
corresponds t o  ionosphere 
i n t e n s i t y  of cosmic r a d i o  

e f f e c t  m a x i m u m  (15 5 0 h r s ) .  The measurement o f  

eroission i n  two frequencies  

shows t h a t  t h e  i n c r e s s e  i n  absorpt ion mainly took p l ace  i n  the  r e d o n  

above 7 5 b ,  which agrees  w e l l  w i t h  c11. Therefore ,  r e  a r e  i n  a p o s i t i o n  

t o  judge about t h e  cha rac t e r  of shortwave r a d i a t i o n  o f . s o l a r  f lares  by 

s t u d y i n g  the  frequency dependence of radiorave absorpt ion.  
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T. Chubb and H. Friedman wi th  t h e i r  a s s o c i a t e s  have measured 
t h e  X-ray emizsion spectrum during the  f la re  of 31 August 1959 [lz1. 
Using these  d a t a ,  ? / h i t t e n  and Poppoff C143 p l o t t e d  t h e  d i s t r i b u t i o n  

of excess  i o n i z a t i o n  86 a funct ion of a l t i t u d e  (FiR.1) .  As may be 
seen  from t h a t  r ' igure,  t h e  increase  in e l e c t r o n  d e n s i t y  took p l ace  
mainly above 70 km. Since for the  SID recorded i n  Table 1 t h e  i n c r e a s e  

of excess  absorp t ion  took p lace  a t  t h e  40- 60 km l e v e l ,  t he  s p e c t r a l  

d i s t r i b u t i o n  of t h e  i n t e n s i t y  of shortwave r a d i a t i o n  of f l a r e s  having 
caused these  ionosphere e f f e c t s  apparent ly  has another  charac te r .  

To  cor robora te  t h i s  assutlption we s h a l l  examine t h e  SID'E of 1 Apri l  

and 1 2  November 1960, The d i s t r i -  

bu t ion  of  e x c e s ~  i o n i z a t i o n  i n  t h e  

assunpt ion  t h a t  the  emission of the  

f l a r e  takes p lace  only  with in  a 
narrow, s t r i c t l y  def ined wavelength 

range,  is p l o t t e d  i n  F i g . 2  ( s o l i d  
curves) .  The i n t e n s i t y  v a r i a t i o n s  

i n  each of these i n t e r v a l s  correspond 

t o  the  v a r i a t i o n  of spectrum in ten-  

s i t y  i n  t h e  same band C143, i. e. 
i f  we should broaden t h i s  viavelength 

Nn). UrJ40" 

7 7  

E. range, we would ob ta in  a spectrum 

Fig.  1 .- Dependence of e l e c t r o n  publ ished i n  C143. 
d e n s i t y  on a l t i t u d e  obta ined  i n  
C143 f o r  t he  SID of 31 Aug.1959 The curve6 N ( 2 )  of Fig. 2 are 

p l o t t e d  f o r  t h e  corresponding bands 

with t h e  view t h a t  (approFr ia te  s e l e c t i o n  of X ( &  zh=t,), 

excess  absor3 t ion  be e q u a l  t o  the  m a x i m u m  va lue  measured duringSID 

i n  t h e  freauency of 26.7mc.s.  Then w e  computed t h e  absorp t ion  i n  t h e  

frequency of  32.5 m c . s .  The r a t i o s  

t h a t  t he  t o t a l  
2=zm 

Apf=32.5 
are p l o t t e d  i n  Table  2. 
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Fig.2.- Dependence of electron density on height for the 
ionosphere disturbance of 12 Novenber 1960 (a) 
and for that of 1 April 1960 ( 6 ' ) .  
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DATE 
1960 

Nov.12 

kpr. 1 

T S,(A.)=fiA.)=wt f 
- ;x?eriment Chubb a. Friedman 

band brmd r a t i o  - APi-u.7 
APf=rt.r 

1.0- 0.1 H 1.293 
0.5- 0.1 1,273 0.6- 0.1 1.270 -1.2 
0.3- 0.1 1 e235 0.2- 0.1 .1.245 
3.0- 0.1 1,292 3.0- 0.1 1.262 -1.2 
1 - 5 0  0.1 1.214 1.0- 0.1 1.234 

1 ratio 
1.0- 0.1 H 1.345 

' - - _____  I 

Therefore ,  t he  ionoEphere e f f e c t s  of t he  t y p e ' o f  1 Apri l  1960 
mag be explained by the  spectrum represented  i v  Fig.  3 [next y s r e l .  
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I f  we now assume t h a t  t h e  p o s i t i o n  of t he  maxiaum value of S-(A), just 

as t he  i n c l i n a t i o n  of  t he  dropping 

r ami f i ca t ion8  (Fi5. 3 )  m y  vary, t h e  

d i f f e r e n t  ionosphere e f f e c t s  can be 

expla ined ,  and t h e  spectrum, presented  

i n  ref. C143 can be obtained.  
'. '. 

Inasmuch 86 on the  b a s i s  of  s t u d y  i 
FiS. 3.-Dependence of t h e  X-ray o f  SID's no s t r i c t l y  s p e c i f i c  deduct- 
f l u x  on t h e  wavelength. i o n s  on the  s p e c t r a l  d i s t r i b u t i o n  of 

shortwave r a d i a t i o n  can e a s i l y  be 

made, concept ions a r e  in t roduced  i n  

ree;ard t o  t h e  e f f e c t i v e  X-radiat ion band, i .e .  t h e  t r u e  d i s t r i b u t i o n  of 

S,(A) 

wavelength range 

i s  apnroximated by a rec t angu la r  d i s t r i b u t i o n  i n  t h e  a c e r t a i n  

The dependence of e l e c t r o n  dens i ty  on a l t i t u d e  is reprEsented i n  F i g . 2  

by deshed l i n e s .  The v2lues  of r a t i o s  of  excese absorp t ions  i n  two f r e -  
cmencies APf=tr,.r -- for t h e  corresponding bands ( S -( A) ) are cornpiled 

APf-tr.. 
i n  TzSle 2. It may be seen from t h e  Table t h a t  t h e  s o l a r  f l a r e s  

hcving caused the  ionosphere e f f e c t s  of 12  November and 1 Apr i l  1960, 
were a t t ended  by ra ther  hard shortwave r a d i a t i o n  (0.1 -1.0 1). 

Before making f i n a l  conclusions,  i t  is necessary t o  tzice no te  

of t h e  fol lowing.  1% made t h e  assumption of t h e  f a c t  t h a t  t h e  e f f e c t i v e  
recombinat ion c o e f f i c i e n t  %B(c) ) does no t  depend on a l t i t u d e  i n  t h e  

lower r eg ion  D of  t h e  ionosghere. The account ing of the  dependence of  

a e f f ( Z )  on a l t i t u d e  may only l e a d  t o  t h e  f a c t  t h a t  t he  e f f e c t i v e  X-ray 
band o f  t h e  f l a r e  w i l l  be s i t u a t e d  i n  a s h o r t e r  p a r t  of t h a t  suectrum 

band. As t o  t h e  genera l  t e n o r  of t he  conclus ions ,  it w i l l  no t  chanqe . 
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Therefore ,  on t h e  b e s i s  of t h e  ma te r i a l  brought up, t h e  fol lowing 

conclusions can apparent ly  be derived : 

1.-Comparison of ionosphere e f f e c t s  with t h e  rocket measurements 

of X - r a y  r a d i a t i o n  po in t  t o  the  f a c t  t h a t  i n d i r e c t  mersurements of she* 

wave r a d i a t i o n  can be success fu l ly  c a r r i e d  out  a longs ide  with t h e  d i r e c t  

ones . 
2. - The s p e c t r a l  d i s t r i b u t i o n  of t h e  i n t e n s i t y  of  X-ray emiesion 

o f  f l a r e s  is d i f f e r e n t  f o r  var ious  f l a r e s .  

3. - Cer ta in  s o l a r  flares are cha rac t e r i zed  by an appreciable  

i n c r e a s e  i n  i n t e n s i t y  of X-ray ra .diat ion i n  t h e  shortweve re@on (from 
0.1 t o  1.0 a). 

It is n a t u r a l  t h a t  all the  ind ica t ed  deduct ions must be v e r i f i e d  

by means of a l a r g e r  experimental  m a t e r i a l ,  i nvo lv ing  the  d a t a  obtained 

aboard rocke ts  and s a t e l l i t e s  . 
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